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METHOD FOR SEPARATING
META-XYLENE USING A ZEOLITIC
ADSORBENT WITH A LARGE EXTERNAL
SURFACE AREA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s the national phase of International Application No.
PCT/EP2015/067966, filed 4 Aug. 2015, which claims pri-
ority to French Application No. 1457623, filed 5 Aug. 2014.
The disclosure of each of these applications 1s incorporated
herein by reference in 1ts entirety for all purposes.

FIELD OF THE INVENTION

The mvention relates to a process for separating meta-
xylene from 1ts i1somers present 1n a gaseous or liquid
mixture, using an adsorbent in agglomerate form comprising,
tamasite zeolite (FAU) of NaY type and/or of NalLi1Y type
and having a large external surface area, said external
surface area being characterized by a mesopore population
determined by nitrogen adsorption measurement. The pro-
cess of the present invention allows the production of
meta-xylene of very high purity.

BACKGROUND OF THE INVENTION

The use of zeolite adsorbents contaiming zeolites of NaY
and/or Nal.1Y type for selectively adsorbing meta-xylene 1n
a mixture of aromatic hydrocarbons 1s well known 1n the
prior art.

For example, U.S. Pat. No. 4,306,107, U.S. Pat. No.
4,326,092, U.S. Pat. No. 5,382,747, U.S. Pat. No. 5,900,523
and U.S. Pat. No. 7,728,187 and also FR 2 889 698 and FR
2 889 699 show that zeolite adsorbents comprising alumi-
nosilicates based on sodium or based on sodium and lithium
are ellective for separating out the meta-xylene present 1n
aromatic C8 fractions (fractions comprising aromatic hydro-
carbons containing 8 carbon atoms).

The adsorbents described 1n U.S. Pat. No. 5,900,523 are
used as adsorption agents 1n liquid-phase processes, prefer-
ably of simulated counter-current type, similar to those
described 1n U.S. Pat. No. 2,985,389 and which apply, inter
alia, to aromatic C8 fractions.

In the patents listed above, the zeolite adsorbents are
present 1n the form of crystals 1n powder form or 1n the form
of agglomerates predominantly formed from zeolite powder
and up to 20% by weight of inert binder.

The synthesis of FAU zeolites 1s usually performed by
nucleation and crystallization of silico-aluminate gels. This
synthesis leads to crystals (generally in powder form), which
are particularly difhicult to use on an industrial scale (sub-
stantial losses of feedstocks during the manipulations). It 1s
thus preferred to use the agglomerated forms of these
crystals, 1n the form of grains, strands and other agglomer-
ates, these said forms possibly being obtained by extrusion,
pelletizing, atomization and other agglomeration techniques
known to those skilled 1n the art. These agglomerates do not
have the drawbacks inherent in pulverulent materials.

Moreover, zeolite crystals are usually prepared from
aqueous sodium solutions (for example aqueous sodium
hydroxide solution), and, 1f so desired, the sodium cations
may be totally or partly replaced (exchanged) with other
cations, for example lithium. These cation exchanges may
be performed before and/or after agglomeration of the
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2

pulverulent zeolite with the agglomeration binder, according
to standard techniques known to those skilled 1n the art.

The agglomerates, whether 1n the form of platelets, beads,
extrudates or the like, are generally formed from zeolite
crystals, which constitute the active component (as regards
adsorption) and an agglomeration binder. This agglomera-
tion binder 1s intended to ensure the cohesion of the crystals
with each other 1n the agglomerated structure, but must also
be able to ensure suflicient mechanical strength for said
agglomerates so as to avoid, or at the very least to minimize,
the risks of fracturing, breaking or cracking that might arise
during their industrial use during which the agglomerates are
subjected to numerous stresses, such as vibrations, large
and/or frequent pressure variations, movements and the like.

The preparation of these agglomerates 1s performed, for
example, by slurrying zeolite crystals in powder form with
a clayey paste, 1n proportions of the order of 80% to 90% by
weight of zeolite powder per 20% to 10% by weight of
binder, followed by forming into beads, platelets or extru-
dates, and heat treatment at high temperature to bake the
clay and to reactivate the zeolite, the cation exchange(s), for
instance the total or partial exchange with lithium, possibly
being performed before and/or after agglomeration of the
pulverulent zeolite with the binder.

Zeolite substances are obtained, the particle size of which
1s a few millimeters, or even of the order of a millimeter, and
which, 1t the choice of the agglomeration binder and the
granulation are performed in a standard manner, have a
satisfactory set ol properties, in particular of porosity,
mechanical strength, abrasion resistance, and the like. How-
ever, the adsorption properties of these agglomerates are
obviously reduced relative to the starting active powder on
account of the presence of agglomeration binder which 1s
iert with respect to adsorption.

Various means have already been proposed for overcom-
ing this drawback of the agglomeration binder being inert as
regards the adsorption performance, among which 1s the
transformation of all or of at least some of the agglomeration
binder into zeolite that 1s active as regards adsorption. This
operation 1s now well known to those skilled 1n the art, for
example under the name “zeolitization”. To perform this
operation, zeolitizable binders are used, usually belonging to
the kaolinite family, and preferably calcined beforehand at
temperatures generally between 500° C. and 700° C.

U.S. Pat. No. 4,306,107 describes the use, as a selective
adsorbent for meta-xylene, of a zeolite Y, in which the
exchangeable cationic sites are occupied by sodium atoms.
To obtain satisfactory selectivity in favor of meta-xylene, 1t
1s recommended to use a partially hydrated zeolite which has
a loss on 1gnition at 950° C. of from 2% to 7% by weight
relative to the initial weight of the adsorbent. Said document
recommends separation via a simulated moving bed process
at a temperature between 20° C. and 230° C. and at a
pressure between atmospheric pressure and 3.5 MPa (35
bar), this value being chosen so as to keep the feedstock in
liquid form. The chosen desorbent 1s toluene. Occupation of
the exchangeable sites of the zeolite with sodium 1ons and
activation so as to obtain the desired loss on 1gnition make
it possible to obtain agglomerates which have, from the
point of view of adsorption of the meta-xylene contained in
aromatic C8 fractions, improved capacity and selectivity
properties.

Besides a high adsorption capacity and good selectivity
properties toward the species to be separated from the
reaction mixture, the adsorbent must have good matter
transier properties so as to ensure a suilicient number of
theoretical plates to achieve eflicient separation of the spe-
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cies 1n the mixture, as indicated by Ruthven in the book
entitled “Principles of Adsorption and Adsorption Pro-
cesses”’, John Wiley & Sons, (1984), pages 326 and 407.
Ruthven indicates (ibid., page 243), that, in the case of an
agglomerated adsorbent, the overall matter transfer depends
on the addition of the intra-crystalline diflusional resistance
and the inter-crystalline diffusional resistance.

The intra-crystalline diflusional resistance 1s proportional
to the square of the diameters of the crystals and inversely
proportional to the intra-crystalline diffusivity of the mol-
ecules to be separated.

The inter-crystalline diffusional resistance (also known as
the “micropore resistance”) 1s, itsell, proportional to the
square the diameters of the agglomerates, inversely propor-
tional to the porosity contained in the macropores and
mesopores (1.e. the pores whose diameter 1s greater than 2
nm) in the agglomerate, and 1mversely proportional to the
diffusivity of the molecules to be separated in this porosity.

The size of the agglomerated adsorbents 1s an important
parameter during the use of the adsorbent in industrial
application, since it determines the loss of feedstock 1n the
industrial unit and the uniformity of filling. The particle size
distribution of the agglomerates must thus be narrow, and
centered on number-mean diameters typically between 0.40
mm and 0.65 mm so as to avoid excessive losses of
teedstock. The porosity contained in the macropores and
mesopores does not participate in the adsorption capacity.
Consequently, a person skilled 1n the art will not seek to
increase 1t for the purpose of reducing the macropore
diffusional resistance, given that this would take place at the
expense ol the volume-based adsorption capacity.

To estimate the improvement 1n the transfer kinetics, use
may be made of the plate theory described by Ruthven in
“Principles of Adsorption and Adsorption Processes”, 1bid.,
pages 248-250. This approach is based on the representation
of a column by a fimite number of 1deally stirred hypothetical
reactors (theoretical stages). The equivalent height of theo-
retical plates 1s a direct measurement of the axial dispersion
and of the resistance to matter transier of the system.

For a given zeolite structure, a given size of adsorbent and
a given operating temperature, the diffusivities are fixed, and
one of the means for improving the matter transier consists
in reducing the diameter of the crystals. A gain 1n the overall
transfer will thus be obtained by reducing the size of the
crystals.

A person skilled 1n the art will thus seek to minimize the
diameter of the zeolite crystals in order to improve the
matter transier.

U.S. Pat. No. 7,728,187 thus claims a process for sepa-
rating meta-xylene from a mixture of aromatic C8 hydro-
carbons which consists 1n placing the mixture in contact,
under adsorption conditions, with an adsorbent, 1n which the
crystals of zeolite Y exchanged with sodium are between
0.05 pm and 0.7 um 1n size, so as to improve the matter
transier performance.

The Applicant has nevertheless observed that the synthe-
s1s, filtration, manipulation and agglomeration of zeolite
crystals which are less than 0.7 um 1n size involve cumber-
some, sparingly economic processes which are thus diflicult
to industrialize. In addition, such adsorbents comprising
crystals less than 0.7 um 1n size also prove to be more
fragile, and 1t then becomes necessary to increase the content
of agglomeration binder 1n order to reinforce the cohesion of
the crystals with each other in the agglomerate.

However, increasing the content of agglomeration binder
leads to densification of the agglomerates, which is the cause
ol an increase 1n the macropore diffusional resistance. Thus,

10

15

20

25

30

35

40

45

50

55

60

65

4

despite a reduced intra-crystalline diflusional resistance due
to the decrease 1n the size of the crystals, the increase 1n the
macropore diffusional resistance on account of the densifi-
cation of the agglomerate does not allow an improvement 1n
the overall matter transter. In the context of the present
invention, the term “agglomerate” may be used in place of
the term “adsorbent” and should be understood as defiming
the same object.

There 1s consequently still a need for zeolite adsorbent
materials prepared from zeolite of FAU type that are easily
mampulable at the industrnial level, 1.e. whose constituent
crystals are advantageously greater than 0.7 um 1n size, but
having an improved overall matter transier relative to that of
an adsorbent prepared from conventional zeolite crystals of
FAU type of identical size (i.e. greater than 0.7 um), while
at the same time conserving high adsorption capacity.

Such zeolite adsorbent materials based on zeolite of FAU
type, and 1n particular containing zeolites of NaY and/or
Nali1Y type, might provide significant improvements to
processes for separating xXylenes present in the form of
mixtures of 1somers 1n aromatic C8 hydrocarbon fractions,
and 1n particular might greatly improve the selective adsorp-
tion of meta-xylene 1n mixtures of aromatic C8 hydrocar-
bons.

SUMMARY OF THE

INVENTION

A first object of the present invention 1s thus to propose a
process for separating meta-xylene from aromatic C8 frac-
tions, 1n the gas phase or in the liquid phase, using a zeolite
adsorbent 1n the form of agglomerates with optimized prop-
erties. The zeolite adsorbent used 1n the process according to
the mvention especially has maximum properties of selec-
tivity toward meta-xylene and of matter transter, while at the
same time having high mechanical strength and high adsorp-
tion capacity. The process according to the vention 1s
preferably a process for separating meta-xylene 1n the liquad
phase, preferably a process for separating meta-xylene in the
liquid phase of simulated counter-current type.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1: plot showing the full width at hall maximum
(FWHM) of the volume distribution dV/dDm.

FIG. 2: (a) and (b): transmission electron microscope
(TEM) 1image of agglomerates produced in Example 2.

FIG. 3: (a) and (b): transmission electron microscope
(TEM) 1image of agglomerates produced 1n Example 3.

FIG. 4: comparison of the distributions of pores sizes as
determined by the BJH method.

More precisely, the present invention relates to a process
for separating meta-xylene using a zeolite adsorbent com-
prising at least one faujasite-type zeolite Y comprising
sodium or sodium and lithium, 1n which process the external
surface area of said zeolite adsorbent, measured by nitrogen
adsorption, is greater than 40 m>-g~', preferably greater than
50 m*-g~', and more preferably between 60 m*-g~" and 200
m>-g~ ', and more preferentially between 80 m>-g~' and 200
m~-g~', and even more preferably between 100 m*-¢~" and
200 m*>g~ ', said external surface area being associated with
a population of mesopores with a mean diameter of between
2 nm and 50 nm. The term “associated” 1n the preceding
sentence indicates that the population of mesopores contrib-
utes to the measured value of the external surface area, 1n
addition to the external surface area of the zeolite crystals.
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DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS OF THE INVENTION

The mean diameter 1s determined via the Barrett-Joyner-
Halenda method (BJH method, E. P. Barrett, L. G. Joyner, P.
P. Halenda, “The Determination of Pore Volume and Area

Distributions in Porous Substances. I. Computations form
Nitrogen Isotherms”, J. Am. Chem. Soc., 73(1), (1951)
3°73-380), from the mitrogen adsorption 1sotherm at 77 K.
Advantageously, the volume-mean diameter distribution
thus determined, represented graphically by dV/dDm or
dV/d log Dm as a function of the mean diameter Dm,
corresponds to a narrow unimodal distribution.

In the text hereinbelow, and unless otherwise indicated,
the limits of a range of values are included 1n that range,
especially 1 the expressions “between” and “‘ranging
from...to...”

The term “umimodal distribution” means a distribution
having only one peak. A unimodal mean diameter distribu-
tion 1s thus characterized by only one peak, for which the
value of the mean diameter at the top of the peak 1s known
as the “mode” or alternatively the dominant value, and
represents the most frequent value of the distribution. Pret-
erably, the mesopore population of said zeolite adsorbent has
mean diameters at the mode of between 2 nm and 30 nm and
preferably between 2 nm and 20 nm. When a distribution has
two peaks separated by a trough, the distribution 1s said to
be bimodal. The invention does not concern the case of
bimodal or even multimodal distribution, 1.e. distribution in
which there are several zones of concentration of values
separated by discontinuities. Such distributions are charac-
teristic of the presence of several populations of pores with
different mean diameters.

The term “narrow” used to characterize the mean diam-
cter distribution of the mesopores, indicates that the full
width at half maximum of the distribution about the mode 1s
less than 20 nm, preferably less than 15 nm, preferably
between 10 nm and 0.1 nm and more preferably between 3
nm and 0.5 nm, as described later in the characterization
techniques.

The process according to the imnvention preferably uses a
zeolite adsorbent preferably comprising at least one non-
zeolite phase, at least a part of which 1s a clay or a mixture
of clays used in the preparation method as agglomeration
binder allowing cohesion between the crystals, derived from
the synthesis, before being optionally totally or partially
zeolitized, 1.e. transformed 1nto active zeolite for the adsorp-
tion of the molecules under consideration, 1.e. preferentially
converted into zeolite, preterably FAU zeolite, more pret-
erably ol Y type.

According to one embodiment of the mvention, the zeo-
lite adsorbent may have a lithium content of less than 8%,
preferably between 0 and 4%, expressed as weight of lithium
oxide L1,0 relative to the total mass of the adsorbent.

According to another embodiment of the invention, the
total content of alkali metal or alkaline-earth metal 1ons
other than lithium and sodium 1s between 0 and 1%, this total
content being expressed, respectively, as mass of lithium
oxide L1,0 and of sodium oxide Na,O, relative to the total
mass of the zeolite adsorbent.

Preferably, the zeolite adsorbent according to the present
invention 1s a zeolite adsorbent comprising at least one
tamjasite-type zeolite Y, in other words an adsorbent based
on FAU zeolite(s), generally referenced under the name
FAU-type zeolite Y. The term “FAU-type zeolite Y means
a zeolite whose S1/Al atomic ratio 1s greater than 1.50,
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preferably between 1.60 and 6.00, preferably between 1.80
and 4.00 and even more preferably between 2.00 and 2.80.

According to a preferred embodiment, the process accord-
ing to the mmvention uses a zeolite adsorbent comprising
mesoporous crystals of zeolite Y. The term “mesoporous”™
refers to zeolite crystals which have, 1n combination with the
microporosity inherent in the structure of zeolite, internal
cavities of nanometric size (mesoporosity), which are read-
1ly 1dentifiable by observation using a transmission electron
microscope (TEM), as described, for example, 1n U.S. Pat.
No. 7,785,563.

According to another embodiment, no zeolite structure
other than the FAU structure 1s detected by x-ray difiraction
(known to those skilled in the art by the abbreviation XRD)
in the zeolite adsorbent used 1n the process of the present
invention. The term “no” means less than 5% by mass,
preferably less than 2% by mass, of zeolite of structure other
than the FAU structure, relative to the total mass of the
adsorbent, the mass fractions being determined by XRD.

According to yet another preferred embodiment, the pro-
cess according to the invention uses a zeolite adsorbent
whose mass fraction of FAU-type zeolite(s) Y 1s greater than
or equal to 80% relative to the total weight of the adsorbent,
the remainder to 100% preferably being formed from non-
zeolite phase.

The process according to the imnvention uses an adsorbent
that may contain a non-zeolite phase, 1.e. a non-crystalline
phase that 1s essentially inert with respect to adsorption. The
mass fraction of zeolite(s) (degree of crystallinity of the
adsorbent) may be determined by x-ray diffraction analysis,
known to those skilled in the art by the abbreviation XRD,
as 1ndicated previously.

According to yet another preferred embodiment, the pro-
cess according to the invention uses a zeolite adsorbent
which has an S1/Al atomic ratio of between 1.50 and 6.50,
preferably between 2.00 and 6.00, more preferably between
2.00 and 4.00 and even more preferably between 2.20 and
2.80.

According to a preferred embodiment, the process accord-
ing to the invention uses a zeolite adsorbent which has a loss
on 1gnition, measured at 950° C. according to standard NF
EN 196-2, of less than or equal to 7%, preferably between
0 and 6%, preferably between 0 and 4%, more preferably
between 0 and 3% and advantageously between 0 and 2.5%.

The process according to the mvention preferably uses a
zeolite adsorbent simultaneously comprising macropores,
mesopores and micropores. The term “macropores” means
pores whose diameter 1s greater than 50 nm, preferably
between 50 nm and 400 nm. The term “mesopores” means
pores whose diameter 1s between 2 nm and 50 nm, limits not
included. The term “micropores” means pores whose diam-
cter 1s less than 2 nm.

According to yet another preferred embodiment, the zeo-
lite adsorbent of the present invention has a total volume
contained 1n the macropores and mesopores (sum of the
macropore volume and the mesopore volume), measured by
mercury intrusion, advantageously between 0.20 cm’-g~"
and 0.70 cm>-g~ ', preferably between 0.20 cm>-g~" and 0.55
cm’-g~" and very preferably between 0.20 cm>-g~" and 0.50
cm’ g'l.

The ratio (macropore volume)/(macropore volume+mes-
opore volume) 1s preferably between 0.2 and 1, very pret-
crably between 0.4 and 0.8 and even more preferably
between 0.45 and 0.63.

In the context of the present mnvention, preference 1s also
given to a process using a zeolite adsorbent whose
micropore volume, evaluated by the t-plot method from the
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nitrogen (N, ) adsorption 1sotherm at a temperature of 77 K,
is between 0.145 cm’-g™' and 0.350 cm>-g~', better still
between 0.155 cm’-g~' and 0.350 cm’-g™', preferably
between 0.165 cm’g™' and 0.350 cm™-g~', better still
between 0.175 cm”-g~! and 0.350 cm”-g~', and more pref-

erably between 0.205 cm’g' and 0.320 cm™g '. Said
micropore volume measurement 1s calculated after degas-
sing under vacuum (P<6.7x10~* Pa), at a temperature of
between 300° C. and 4350° C. for a time ranging from 9 hours
to 16 hours, for example at 400° C. for 10 hours.

The process according to the invention preferably uses a
zeolite adsorbent 1n the form of agglomerates, 1.¢. 1t com-
prises mesoporous crystals of at least one zeolite Y as
defined previously, said crystals having a number-mean
diameter between 0.1 um and 20 um, preferably between 0.5
um and 20 um, more preferably between 0.7 um and 10 um,
even more preferentially between 0.8 um and 10 um, and
even more preferentially between 1 um and 5 um.

It was 1n fact observed by the Applicant that the zeolite
adsorbents according to the invention prepared from the
crystals with a large external surface area combined with (1)
a population of mesopores having improved overall matter
transter relative to that of adsorbents prepared from crystals
of conventional zeolite(s) of Y type, including when said
crystals are larger than the conventional crystals.

The present invention thus allows the provision of an
improved process for separating meta-xylene relative to the
prior art while at the same time overcoming the problems
associated with the filtration, manipulation and agglomera-
tion of submicron zeolite powders during the process for
manufacturing the adsorbent.

The external surface area of the crystals contained in the
adsorbent of the process described above 1s calculated via
the t-plot method from the nitrogen adsorption 1sotherm at a
temperature of 77 K, after degassing under vacuum (P<6.7x
10~ Pa), at a temperature of between 300° C. and 450° C.
for a time ranging ifrom 9 hours to 16 hours, preferably at
400° C. for 10 hours.

The zeolite Y crystals with a large external surface area
may be obtained according to various methods known to

those skilled 1n the art, for example according to the syn-
thesis described in CN 103214003.

It 1s also possible to prepare said crystals by synthesis by
seeding and/or by adjusting the synthetic operating condi-
tions such as the S10,/Al,0O, ratio, the sodium content and
the alkalinity of the synthetic mixture or alternatively
according to conventional processes for post-treatment of
zeolite Y crystals which are known to those skilled 1n the art.

The post-treatment processes generally consist 1n remov-
ing atoms from the already-formed zeolite network, either
via one or more acidic treatments which dealuminate the
solid, treatment(s) followed by one or more washes with
sodium hydroxide so as to remove the aluminum residues
formed, as described, for example, by D. Verboekend et al.,
in Adv. Funct. Mater, 22, (2012), 916-928, or alternatively
via treatments which combine the action of an acid and that
of a structuring agent which improve the efliciency of the
acidic treatment, as described, for example, 1n patent appli-
cation WO 2013/106 816.

The processes for the direct synthesis of these zeolites
(1.e. synthetic processes other than the post-treatment) are
preferred and generally imvolve one or more structuring
agents or sacrificial templates. Thus, and according to yet
another subject, the present invention relates to a process for
separating 1somers as defined previously, in which the
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zeolite crystals of the zeolite adsorbent are prepared by
direct synthesis using one or more structuring agents or
sacrificial templates.

The sacrificial templates that may be used may be of any
type known to those skilled in the art and especially those
described 1n patent application WO 2007/043 731. Accord-
ing to a preferred embodiment, the sacrificial template 1s
advantageously chosen from organosilanes and more pret-
crentially from [3-(trimethoxysilyl)propyl]-octadecyldim-
cthylammonium chloride, [3-(trimethoxysilyl)propyl]hexa-

decyldimethylammomum chloride, [3-(trimethoxysilyl)
propyl]dodecyldimethylammonium chlonde, 3-
(trimethoxysilyl)propyl]octylammonium chlonide, N-[3-

(trimethoxysilyl)propyl]aniline, 3-[2-(2-aminoethylamino)-
cthylamino|propyltrimethoxysilane, N-[3-(trimethoxysilyl)
propyl]-N'-(4-vinylbenzypethylenediamine, triethoxy-3-(2-
imidazolin-1-yl)propylsilane, 1-[3-(trimethoxysilyl)propyl]
urea, N-[3-(trimethoxysilyppropyl]ethylenediamine, [3-
(diethylamino)-propyl]trimethoxysilane,
(3-glycidyloxypropyl)trimethoxysilane, 3-(trimethoxysilyl)
propyl methacrylate, [2-(cyclohexenypethyl]-triethoxysi-
lane, dodecyltriethoxysilane, hexadecyltrimethoxysilane,
(3-aminopropyl trimethoxysilane, (3-mercaptopropyl)
trimethoxysilane and (3-chloropropyl)trimethoxysilane, and
also mixtures of two or more thereof 1n all proportions.

Among the sacrificial templates listed above, [3-
(trimethoxysilyppropyl]octadecyldimethylammonium chlo-
ride, or TPOAC, 1s most particularly preferred.

Use may also be made of sacrificial templates of higher
molar mass, for example PDAP (polydiallyldimethylammo-
nium polymer), PVB (polyvinyl butyral) and other oligo-
meric compounds known in the field for increasing the
diameter of mesopores.

The size of the zeolite Y crystals of the adsorbent in the
process according to the invention 1s measured by observa-
tion with a scanning electron microscope (SEM). As indi-
cated previously, preferably, the number-mean diameter of
the crystals 1s between 0.1 um and 20 um, preferably
between 0.5 um and 20 um, more preferably between 0.7 um
and 10 um, even more preferentially between 0.8 um and 10
um and even more preferentially between 1 um and 5 um.

This SEM observation also makes 1t possible to confirm
the presence of non-zeolite phase comprising, for example,
residual binder (not converted during the zeolitization step)
or any other amorphous phase 1n the adsorbents.

In the present document, the term “number-mean diam-
eter” or “‘size” 1s used especially for the zeolite crystals. The
method for measuring these magnitudes 1s explained later in
the description.

The proportions of agglomeration binder (see the defini-
tion later) and of zeolite used 1n the adsorbent of the process
according to the invention are typically those of the prior art,
1.e. from 5 parts to 20 parts by weight of binder per 935 parts
to 80 parts by weight of zeolite. The adsorbent, whether 1n
the form of beads, extrudates or the like, preferably has a
volume-mean diameter, or a length (largest dimension when
it 1s not spherical), of between 0.2 mm and 2 mm, 1n
particular between 0.2 mm and 0.8 mm and preferably
between 0.4 mm and 0.65 mm.

The binder included 1n the agglomerated zeolite material
of the process of the present mvention comprises, and
preferably consists of, a clay or a mixture of clays. These
clays are preferably chosen from kaolins, kaolinites, nac-
rites, dickites, halloysites, attapulgites, sepiolites, mont-
morillonites, bentonites, illites and metakaolins, and also
mixtures of two or more thereof 1n all proportions. Kaolin 1s
preferred and 1s most commonly used.
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Among the additives that may be used during the manu-
facture of the adsorbent of the process according to the
invention, there may be a source of silica of any type known
to a person skilled 1n the art, who 1s a specialist 1n zeolite
synthesis, for example colloidal silica, diatomaceous earths,
perlite, fly ash, sand or any other form of solid silica.

In the context of the present mmvention, the mechanical
strength 1s measured by the Shell method series SMS
1471-74 adapted to agglomerates smaller than 1.6 mm 1n
size. This mechanical strength, measured for the zeolite
adsorbent defined previously, 1s generally between 1.5 MPa

and 4 MPa, preferably between 1.7 MPa and 4 MPa, more
preferably between 1.8 MPa and 4 MPa and most preferably
between 2 MPa and 4 MPa.

During the manufacture of the adsorbent of the process
according to the invention, besides the crystals of zeolite Y
and the binder, other additives may also be added, for
example additives for facilitating the agglomeration or for
improving the hardening of the agglomerates formed, such
as lignin, starch, carboxymethylcellulose and other additives
known to those skilled in the art.

During the manufacture of the adsorbent of the process
according to the invention, the zeolitization of the agglom-
eration binder may be performed according to any method
that 1s now well known to those skilled in the art, and may
be performed, for example, by immersing the product
derived from the agglomeration step 1nto an alkaline basic
solution, which 1s generally aqueous, for example an aque-
ous sodium hydroxide and/or potassium hydroxide solution.

As a general rule, the concentration of the alkaline zeoli-
tization solution 1s preferably between 0.5 M and 5 M. The
zeolitization 1s preferably performed at elevated tempera-
ture, at a temperature above room temperature, and typically
at temperatures of the order of 80° C. to 100° C., for example
between room temperature (1.e. about 20° C.) and the boiling
point of the alkaline zeolitization solution. The duration of
the zeolitization process 1s generally between a few tens of
minutes and a few hours, preferably between about 1 hour
and 8 hours.

The optional step of cation exchange of the sodium ions

for lithium 10ns may be performed according to the conven-
tional methods known to those skilled 1n the art, and usually
by placing the agglomerates obtained from the agglomera-
tion step in contact with a lithrum salt, such as lithium
chloride (LiCl), in aqueous solution at a temperature
between room temperature and 100° C. and preferably
between 80° C. and 100° C.

As 1ndicated previously, when the adsorbent comprises a
zeolite Nal.1Y, it 1s also possible to agglomerate crystals of
zeolite Y already containing sodium and lithium ions (partial
pre-exchange of the cations present 1n the starting zeolite of
Y type, typically sodium cations, for lithium 1ons).

The Applicant has observed, surprisingly, that the cation
exchange step, which may be diflicult on account of the
relative fragility of the structure of the zeolite crystals, does
not atlect the intrinsic properties of external surface area and
of micropore volume (relative to the mass of the adsorbent
once exchanged) of said zeolite crystals.

After the cation exchange step(s), washing 1s then per-
formed, generally and preferably with water, followed by
drying of the agglomerate thus obtained.

The activation which follows the drying 1s performed in
a conventional manner, according to the methods known to
those skilled in the art, for example at a temperature gen-
erally between 100° C. and 400° C., preferably between
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200° C. and 300° C., for a time determined as a function of
the desired water content and loss on 1gnition, typically from
1 to 6 hours.

The invention relates to a process for separating meta-
xylene from aromatic 1somer fractions containing 8 carbon
atoms, using as meta-xylene adsorption agent a zeolite
adsorbent comprising at least one FAU-type zeolite Y as
defined previously, said process being performed in liquid
phase, or 1n gaseous phase.

The desired product (imeta-xylene) may thus be separated
out by preparative adsorption liquid chromatography (batch-
wise), and advantageously continuously on a simulated
moving bed, 1.e. in simulated counter-current or simulated
co-current mode, and more particularly 1n simulated coun-
ter-current mode.

The operating conditions of an industrial simulated coun-
ter-current adsorption unit are generally the following:

number of beds: 6 to 30,

number of zones: at least 4 operating zones, each being

located between a feed point and a withdrawal point,
temperature between 100° C. and 2350° C., preferably
between 120° C. and 190° C.,

pressure of the industrial unit between the bubble pressure

of xylenes at the process temperature and 3 MPa,

desorbent/feedstock flow rate ratio between 0.7 and 6.0,

recycling rate between 2.0 and 20, preferably between 2.5

and 10.

Reference may be made 1n this respect to the teaching of
patents FR 2 889 698 and FR 2 889 699.

The desorption solvent may be any desorbent known to
those skilled 1n the art and whose boiling point 1s below that
of the feedstock, such as toluene or indane, but also a
desorbent whose boiling point 1s above that of the feedstock,
such as tetralin. The selectivity of the adsorbents used in the
process according to the mvention for the adsorption of the
meta-xylene contained 1n aromatic C8 fractions i1s optimal
when their loss on 1gnition, measured at 950° C., 1s prefer-
ably less than or equal to 7%, preferably between 0 and
6.0%, very preferably between O and 4.0% and more prei-
erably between 0 and 3.0%.

The meta-xylene separation process according to the
present 1nvention uses agglomerated zeolite adsorbents
simultaneously having the characteristics of the conven-
tional zeolite adsorbents known 1n the meta-xylene separa-
tion processes of the prior art, especially the mechanical and
microporosity properties, the overall matter transfer charac-
teristics being maximized relative to conventional crystal-
based zeolite adsorbents.

The examples that follow illustrate the subject matter of
the invention, and are given merely as a guide, without,
however, being intended to limit 1n any way the various
embodiments of the present invention.

In the examples that follow, the physical properties of the
agglomerates are evaluated via the methods known to those
skilled 1n the art, the main ones of which are recalled below:

Characterization Techniques

Particle Size of the Zeolite Crystals—Mesopore Detec-
tion

Estimation of the number-mean diameter of the Y-type
zeolite crystals contained in the adsorbents used 1n the
process according to the invention 1s performed by obser-
vation using a scanning electron microscope (SEM).

In order to estimate the size of the zeolite crystals on the
samples, a set of 1mages 1s taken at a magnification of at least
5000. The diameter of at least 200 crystals 1s then measured
using dedicated software. The accuracy 1s of the order of

3%.
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As indicated 1n U.S. Pat. No. 7,785,563, TEM also makes
it possible to check whether the zeolite crystals contained 1n
the adsorbent are filled (1.e. non-mesoporous) zeolite crys-
tals or aggregates of filled zeolite crystals or mesoporous
crystals (ci. the comparison of the TEM i1mages of FIG. 2a
and of FIG. 25, 1n which the mesoporosity 1s clearly visible,
and FIG. 3aq and FIG. 36 which show filled crystals). TEM
observation thus makes it possible to visualize the presence
or absence of the mesopores). Preferably, the adsorbents of
the process according to the mvention very predominantly,
1.¢. typically more than 80% and preferably more than 90%
by number, contain mesoporous zeolite crystals rather than
filled crystals. This statistical analysis 1s advantageously
performed by analysis of at least 50 TEM or SEM 1mages
(SEM on sections of samples obtained by 1onic polishing).

Chemical Analysis of the Zeolite Adsorbents

S1/Al Ratio and Degree of Exchange

Chemical elemental analysis of the zeolite adsorbent of
the process according to the invention may be performed via
various analytical techniques known to those skilled in the
art. Among these techniques, mention may be made of the
technique of chemical analysis by x-ray fluorescence as
described 1n standard NF EN ISO 12677 on a wavelength
dispersive spectrometer (WDXREF) such as the Briiker Tiger
S8 machine, or via alternative conventional methods such as
methods by atomic absorption spectrometry (AAS) and
inductively coupled plasma atomic emission spectrometry
(ICP-AES) described 1n standards NF EN ISO 21587-3 or
NF EN ISO 21079-3, for instance on a Perkin-Elmer 4300
DV machine.

The x-ray fluorescence spectrum has the advantage of
depending very little on the chemical combination of the
clement, which oflers a precise quantitative and qualitative
determination. After calibration for each oxide S10, and
Al,O;, and also sodium oxide, a measurement uncertainty of
less than 0.4% by weight 1s conventionally obtained. The
ICP-AES method 1s particularly suitable for measuring the
lithium content, which makes 1t possible to calculate the
lithium oxide content.

These chemical elemental analyses make 1t possible both
to check the Si1/Al atomic ratio of the zeolite used 1n the
preparation of the adsorbent, and the S1/Al atomic ratio of
the adsorbent, and to check the quality of the 10n exchange.
In the description of the present invention, the measurement
uncertainty of the S1/Al atomic ratio 1s £5%.

The degree of exchange of the sodium 1ons with lithium
ions 1s estimated by evaluating the ratio between the number
of moles of lithium oxide, L1,0, and the number of moles of
the combination (L1,0O+Na,O). It should be noted that the
contents of the various oxides are given as weight percent-
ages relative to the total weight of the anhydrous zeolite
adsorbent.

Particle Size of the Zeolite Adsorbents

Determination of the volume-mean diameter of the zeolite
adsorbents of the process according to the invention 1is
performed by particle size distribution analysis of a sample
of agglomerate by imaging according to standard ISO
13322-2: 2006, using a conveyor belt for conveying the
sample before the objective lens of the camera.

The volume-mean diameter 1s then calculated from the
particle size distribution by applying standard ISO 9276-2:
2001. In the present document, the term “volume-mean
diameter” or “size” 1s used for the zeolite agglomerates. The
accuracy 1s of the order of 0.01 mm for the size range of
agglomerates of the process according to the ivention.
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Mechanical Strength of the Zeolite Adsorbents
The crushing strength of a bed of zeolite adsorbents as

described 1n the present invention 1s characterized according
to the Shell method series SMS1471-74 (Determination of

bulk crushing strength of catalysts. Compression-sieve
method), combined with the “BCS tester” machine sold by
the company Vinci Technologies. This method, initially
intended for the characterization of catalysts of 3 mm to 6
mm, 1s based on the use of a 425 um screen which especially
allows the fines created during crushing to be separated out.
The use of a 425 um screen remains suitable for particles
with a diameter greater than 1.6 mm, but must be adapted

according to the particle size of the agglomerates that 1t 1s
desired to characterize.

The adsorbents of the process according to the present
invention, generally in the form of beads or extrudates,
generally have a volume-mean diameter or a length, 1.e. the
largest dimension 1n the case of non-spherical agglomerates,
of between 0.2 mm and 2 mm, 1n particular between 0.2 mm
and 0.8 mm and preferably between 0.4 mm and 0.65 mm.
Consequently, a 100 um screen 1s used 1n place of the 425
um screen mentioned 1n Shell method series SMS1471-74.

The measurement protocol 1s as follows: a sample of 200
cm’ of adsorbents, prescreened with the appropriate screen

(100 um) and predried in an oven for at least 2 hours at 250°
C. (instead of the 300° C. mentioned in the standard Shell
method SMS1471-74), 1s placed mm a metal cylinder of
known internal cross section. An increasing force 1s imposed
in stages on this sample by means of a piston, through a bed
of 5 cm® of steel balls so as to better distribute the force
exerted by the piston on the agglomerates (use of balls 2 mm
in diameter for particles of spherical shape with a diameter
strictly less than 1.6 mm). The fines obtained at the various
pressures stages are separated by screening (appropriate 100
um screen) and weighed.

The bulk crushing strength 1s determined by the pressure
in megapascals (MPa) for which the amount of cumulative
fines passing through the screen amounts to 0.5% by weight
of the sample. This value i1s obtained by plotting on a graph
the mass of fines obtained as a function of the force applied
to the bed of adsorbent and by interpolating to 0.5% by mass
of cumulative fines. The mechanical bulk crushing strength
1s typically between a few hundred kPa and several tens of
MPa and generally between 0.3 MPa and 3.2 MPa. The
accuracy 1s conventionally less than 0.1 MPa.

Mass Amount of Zeolite Fractions in the Zeolite Adsor-
bents

The mass amount of zeolite fractions 1s measured by x-ray
diffraction analysis, known to those skilled in the art by the
abbreviation XRD. This analysis 1s performed on a Briiker
machine, and the amount of zeolite fractions 1s then evalu-
ated using the TOPAS software from the company Briiker.

Micropore Volume, External Surface Area and Mesopore
Diameter

The crystallinity of the agglomerates 1s also evaluated by
measuring their micropore volume and comparing 1t to that
of a suitable reterence (100% crystalline zeolite under
identical cationic treatment conditions or theoretical zeo-
lite). This micropore volume 1s determined from measure-
ment of the adsorption 1sotherm of a gas, such as nitrogen,
at 1ts liquetaction temperature.

Prior to the adsorption, the zeolite adsorbent 1s degassed
at between 300° C. and 450° C. for a time of between 9 hours
and 16 hours, under vacuum (P<6.7x10~* Pa). Measurement
of the nitrogen adsorption isotherm at 77 K 1s then per-
formed on a machine such as the ASAP 2020 M machine
from Micromeritics, taking at least 35 measurement points
at relative pressure ratios P/P, of between 0.002 and 1.
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The micropore volume and the external surface area are
determined from the 1sotherm obtained, via the t-plot
method by applying standard ISO 15901-3:2007 and by
calculating the statistical thickness t by means of the Har-
kins-Jura equation. The micropore volume and the external
surface area are obtained by linear regression on the points
of the t-plot between 0.45 nm and 0.57 nm, respectively,
from the y-axis to the origin and from the slope of the linear
regression. The evaluated micropore volume 1s expressed in
cm” of liquid adsorbate per gram of anhydrous adsorbent.
The external surface area is expressed in m”~ per gram of
anhydrous adsorbent.

Interpretation of the nitrogen adsorption 1sotherm at 77 K
via the Barrett-Joyner-Halenda method (BJH method, pro-
posed 1n 1951) also makes 1t possible to obtain the pore size
distribution, and especially the mesopore distribution. The
volume-based mesopore size distribution is represented on
the curve cIN/dDm as a function of the mean pore diameter
Dm.

The full width at half maximum of the volume distribu-
tion dV/dDm 1s given by the diflerence between the two
mean diameters for which the value dV/dDm 1s equal to half
of 1its maximum value t_ . at the top of the peak. These two
mean diameters are obtained by interpolation between the
desired points on either side of the mode, for which dV/dDm
encompasses the value 1 /2. This full width at half maxi-
mum (FWHM) of a distribution 1(x) of maximum value
1s 1llustrated schematically by way of example 1n FIG. 1.

Macropore and Mesopore Volume

The macropore and mesopore volumes are measured by
mercury intrusion porosimetry. An Autopore® 9500 mer-
cury porosimeter from Micromeritics 1s used to analyze the
distribution of the pore volume contained in the macropores
and 1n the mesopores.

The experimental method, described in the machine’s
operating manual, referring to standard ASTM D 4284-83,
consists 1n placing a preweighed sample of adsorbent
(granular zeolite material to be measured) (of known loss on
ignition) 1 a porosimeter cell and then, after preliminary
degassing (evacuation pressure of 30 umHg for at least 10
minutes), 1n filling the cell with mercury at a given pressure
(0.0036 MPa), and then 1in applying a pressure increasing in
stages up to 400 MPa so as to make the mercury gradually
penetrate 1nto the pore network of the sample.

The relationship between the applied pressure and the
apparent pore diameter 1s established by assuming cylindri-
cal pores, a contact angle between the mercury and the wall
of the pores of 140° and a mercury surface tension of 485
dynes/cm. The cumulative amount of mercury introduced as
a Tunction of the applied pressure is recorded. The value at
and above which the mercury fills all the inter-granular voids
1s set at 0.2 MPa, and 1t 1s considered that above this value,
the mercury penetrates ito the pores of the granular mate-
rial. The grain volume (Vg) 1s then calculated by subtracting,
the cumulative volume of mercury at this pressure (0.2 MPa)
from the volume of the porosimeter cell, and by dividing this
difference by the mass of the anhydrous equivalent granular
material, 1.e. the mass of said material corrected for the loss
on 1gnition.

The macropore volume of the granular material 1s defined
as being the cumulative volume of mercury introduced at a
pressure of between 0.2 MPa and 30 MPa, corresponding to
the volume contained in the pores with an apparent diameter
of greater than 50 nm. The mesopore volume of the granular
material 1s defined as being the cumulative volume of
mercury mtroduced at a pressure of between 30 MPa and

400 MPa.
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In the present document, the macropore and mesopore
volumes of the zeolite adsorbents, expressed in cm>- g™, are

thus measured by mercury intrusion and related to the mass
of the sample as anhydrous equivalent, 1.¢. the mass of said
material corrected for the loss on 1gnition.

Loss on Ignition of the Zeolite Adsorbents

The loss on i1gnition 1s determined under an oxidative
atmosphere, by calcination of the sample 1n air at a tem-
perature of 950° C.£25° C., as described 1n standard NF EN
196-2 (April 2006). The measurement standard deviation 1s
less than 0.1%.

Characterization of the Liquid-Phase Breakthrough
Adsorption

The technique used for characterizing the adsorption of
molecules 1n liquid phase on a porous solid is the technique
known as breakthrough, described by Ruthven in “Prin-
ciples of Adsorption and Adsorption Processes” (John Wiley
& Sons (1984), chapters 8 and 9) which defines the break-
through curve technique as the study of the response to the
injection of a range of absorbable constituents.

Analysis of the mean exit time (first moment) of the
breakthrough curves provides information regarding the
amounts adsorbed and also makes 1t possible to evaluate the
selectivities, 1.e. the separation factor, between two absorb-
able constituents. Injection of a non-adsorbable constituent
used as tracer 1s recommended for estimating the non-
selective volumes. Analysis of the dispersion (second
moment) ol the breakthrough curves makes it possible to
evaluate the equivalent height of theoretical plates, based on
the representation of a column by a finite number of 1deally
stirred hypothetical reactors (theoretical stages), which 1s a
direct measurement of the axial dispersion and of the
resistance to matter transier of the system.

EXAMPLE 1. SYNTHESIS OF ZEOLITE Y
WITH A LARGE EXTERNAL SURFACE AREA

Zeolite Y with a large external surface area 1s synthesized
directly.

Step 1): Preparation of the Growth Gel mm a Stirred
Reactor

A growth gel 1s prepared 1n a 3-liter stainless-steel reactor
equipped with a heating jacket, a temperature probe and a
stirrer, by mixing an aluminate solution containing 1146 g of
Ludox AM silica sol containing 30% silica in an aluminate
solution containing 198 g of sodium hydroxide (NaOH), 138
g of alumina trihydrate (Al,O,.3H,0O, containing 65.2% by
weight of Al,O;) and 800 g of water at 25° C. for 25 minutes
with a stirring speed of 300 rpm.

The stoichiometry of the growth gel 1s as follows:
2.75Na,0/Al,0,/8.20810,/120H,0. Homogenization of the
growth gel 1s performed with stirring at 300 rpm for 40
minutes at 25° C.

Step 2): Introduction of the Nucleation Gel nto the
Reaction Medium

153 g of a nucleation gel (12 Na,O, Al,O,, 10 S10,, 180
H,O matured for 1 hour at 40° C.) are introduced into the
reaction medium; after S minutes of homogenization at 300
rpm, the stirring speed 1s lowered to 100 rpm for 30 minutes.

Step 3): Introduction of the Structuring Agent
87.5 g of a solution of TPOAC at 60% 1n methanol are

added at a stirring speed of 300 rpm (TPOAC/AL,O; mole
rat10=0.12). After 1 hour of homogemzation, the stirring
speed 1s lowered to 100 rpm.

Step 4): Maturation Phase

The reaction medium 1s kept stirring at 100 rpm at 25° C.
for 17 hours, and crystallization 1s then started.
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Step S): Crystallization
The stirring speed 1s maintained at 100 rpm and the
nominal temperature of the reactor jacket 1s set at 108° C. so

that the reaction medium rises in temperature to 98° C. over
80 minutes. After 28 hours at the 98° C. stage, the reaction
medium 1s cooled by circulating cold water 1n the jacket to
stop the crystallization.

Step 6) Filtration/Washing

The solids are recovered on a sinter and then washed with
deiomized water to neutral pH.

Step 7): Drying/Calcination

In order to characterize the product, drying 1s performed
in an oven at 90° C. for 8 hours; the loss on 1gnition of the
dried product 1s 22% by weight.

Calcination of the dried product, which 1s necessary to
release both the microporosity (water) and the mesoporosity
by removing the structuring agent, 1s performed with the
following temperature profile: 30 minutes ol increase to
200° C., then 1 hour at a steady stage of 200° C., then 3
hours of increase to 550° C., and finally 1.5 hours at a steady
stage at 530° C.

Pure zeolite Y crystals (1dentification via the x-ray dif-
fraction spectrum) with a large external surface area of
atomic ratio S1/Al 2.30 are obtained. The micropore volume
and the external surface area, measured according to the
t-plot method from the nitrogen adsorption 1sotherm at 77 K
alter degassing under vacuum at 400° C. for 10 hours, are,
respectively, 0.214 cm’-g~' and 115 m*g¢~". The number-
mean diameter of the crystals 1s 1.3 um.

EXAMPLE 2: PREPARATION OF
MESOPOROUS ZEOLITE Y ADSORBENT

In the text hereinbelow, a mass expressed as anhydrous
equivalent means a mass of product minus its loss on
1gnition.

A homogeneous mixture formed from 16 g of zeolite Y
crystals with a large external surface area obtained 1n
Example 1, 4 g of kaolin and also the amount of water
allowing extrusion of the mixture 1s prepared. The loss on
ignition of the paste before extrusion 1s 40%.

Extrudates 1.6 mm 1n diameter are formed. The extrudates
are dried overnight 1n a ventilated oven at 80° C. They are
then calcined for 2 hours at 550° C. under a stream of
nitrogen, and then for 2 hours at 550° C. under a stream of
dry decarbonated air.

The extrudates are then crushed so as to recover grains
whose equivalent diameter 1s equal to 0.6 mm. The mechani-
cal bulk crushing strength of the grains obtained above 1s 2.2
MPa.

The micropore volume and the external surface area,
measured according to the t-plot method from the nitrogen
adsorption 1sotherm at 77 K after degassing under vacuum
at 400° C. for 10 hours, are, respectively, 0.170 cm>-g~' and
137 m>-g~'. Analysis by x-ray diffraction confirms the
presence of only one FAU-type zeolite Y phase.

EXAMPLE 3: (COMPARATIVE) PREPARATION
OF NON-MESOPOROUS ZEOLITE Y

ADSORBENT (CONVENTIONAL)

For comparative purposes for the preparation of the
agglomerates, a pure commercial non-mesoporous zeolite Y
1s used, CBV 100 sold by the company Zeolyst International,
with an S1/Al atomic ratio equal to 2.6, a number-mean
diameter of 0.6 um and a micropore volume and external
surface area measured according to the t-plot method from
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the nitrogen adsorption isotherm at 77 K after degassing
under vacuum at 400° C. for 10 hours, which are, respec-
tively, equal to 0.345 cm”-¢™" and 23 m*-g~".

The operations of Example 2 are repeated 1n an 1dentical
manner, replacing the mesoporous zeolite Y with reference
non-mesoporous zeolite Y (CBV 100 from Zeolyst).

The micropore volume and the external surface area,
measured according to the t-plot method from the nitrogen
adsorption 1sotherm at 77 K after degassing under vacuum
at 400° C. for 10 hours, are, respectively, equal to 0.278
cm’>-g~" and 42 m*-g~".

Observation with a transmission electron microscope
TEM (FIGS. 2a and 25, TEM of the agglomerates according
to Example 2) and FIGS. 3¢ and 36 of the conventional
agglomerates prepared in Example 3 reveals the presence of
cavities ol nanometric size (mesopores) 1n the agglomerates
according to the imnvention of Example 2 (FIGS. 2q and 25).

Comparison of the distributions of the pore sizes deter-
mined by the BJH method, from the nitrogen adsorption
1sotherm at 77 K and illustrated by FIG. 4 which clearly
shows that the agglomerates according to the invention have
a narrow unimodal pore size distribution 1n the mesopore
range (1.e. pores with a mean diameter of between 2 nm and
50 nm) centered on 3.4 nm and a full width at half maximum
of 2 nm (ci. curve materialized by dark diamonds). The
conventional agglomerates of non-mesoporous zeolite Y (cf.
curve materialized by light triangles) does not have a
ummodal distribution 1n the mesopore range (1.e. pores with
a mean diameter of between 2 nm and 50 nm); 1n fact, no
peak having a maximum i1s observed on the pore size
distribution.

Table 1 below presents the characteristics of the adsor-

bents prepared in Examples 2 and 3.

TABLE 1

Adsorbent of Adsorbent of
Example 2 Example 3
(according to the invention) (conventional)

Micropore volume by t-plot 0.170 0.278
(cm® - g7)

External surface area 137 42

(m* - g™)

Mesopore volume 0.268 0.111
(cm® - g7)

Mesopore diameter - Mode 34 not defined
(nm)

dV/dD mode 0.031 not defined
(cm® - g7} - nm™)

Full width at half maximum 2.0 not defined
(nm)

EXAMPLE 4: BREAKTHROUGH TEST ON
ADSORBENTS OF EXAMPLES 2 AND 3

A breakthrough test (frontal chromatography) 1s then
performed on these adsorbents to evaluate their efliciency.
The amount of adsorbent used for this test 1s about 26 g.

The procedure for obtaining the breakthrough curves 1s as
follows:

filling the column with the sieve and inserting 1t in a test

bench.

filling with the solvent at room temperature.

gradual raising to the adsorption temperature under a

stream of solvent (5 cm”-min™).
injecting solvent at 30 ¢cm” min™"
temperature 1s reached.

when the adsorption
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solvent/feedstock exchange to inject the feedstock (30

cm’-min™").

injection of the feedstock 1s then maintained for a time

suilicient to reach thermodynamic equilibrium (1.e.
until the concentration of solvent 1n the eflluent 1s zero).
collecting and analyzing the breakthrough eflluent.

The solvent used 1s para-diethylbenzene. The composition
ol the feedstock 1s as follows:

meta-xylene: 45% by weight

ortho-xylene: 45% by weight

isooctane: 10% by weight (this 1s used as tracer for

estimating the non-selective volumes and does not
participate in the separation)

The test 1s performed with an adsorption temperature of
140° C. The pressure 1s suilicient for the feedstock to remain
in the liquid phase, 1.e. 1 MPa. The circulation surface speed
(flow rate/cross section of the column) of the liquad at the
test temperature is about 1.2 cm-s™" for all the tests.

The selectivity for meta-xylene (MX) relative to ortho-
xylene (OX) (A0 18 calculated from the adsorbed
volumes q,,,- and q,, of the compounds MX and OX (the
latter being determined by the material balance from analy-
s1s of the breakthrough effluent) and from the composition of
the feedstock (feedstock 1n which the volume fraction 1 the
compounds 18 v, - and v ,+):

dmx Yox

XMXI0X = :
qox Ymx

The breakthrough results are given in Table 2 below:

TABLE 2
MX/0OX Adsorption capacity  EHTP MX
Adsorbent selectivity (%0) (%)
of Example 2 1.70 11.3 6.7
(invention)
of Example 3 1.83 13.4 10.0

(comparative)

Key
Adsorption capacity expressed in % (cm” of C,-aromatics
adsorbed per cm® of column)
EHTP=Equivalent Height of Theoretical Plates measured
on meta-xylene expressed 1 % of column length
MX=meta-Xylene; OX=ortho-Xylene
It 1s observed that the use of the adsorbent according to
the invention makes 1t possible to considerably reduce the
equivalent height of theoretical plates measured for meta-
xylene, indicating an improvement in the matter transter.

The 1nvention claimed 1s:

1. A process for separating meta-xylene from aromatic
1Isomer iractions containing 8 carbon atoms, comprising
contacting an aromatic 1somer fraction containing 8 carbon
atoms with a zeolite adsorbent comprising at least one
famjasite-type zeolite Y comprising sodium or sodium and
lithium, wherein

the zeolite adsorbent has an external surface area, mea-

sured by nitrogen adsorption, of greater than 40 m*-g™ ",
and wherein the external surface area 1s associated with
a population of mesopores having a mean diameter of
between 2 nm and 50 nm; and

meta-xylene 1s selectively adsorbed by the zeolite adsor-

bent.
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2. The process of claim 1, wherein the zeolite adsorbent
has an external surface area, measured by nitrogen adsorp-
tion, of greater than 50 m>g .

3. The process of claim 1, wherein the zeolite a sorbent
has an external surface area, measured by nitrogen adsorp-
tion, of 60 to 200 m*>g™".

4. The process of claim 1, wherein the zeolite adsorbent
has a external surface area, measured by nitrogen adsorp-
tion, of 100 to 200 m*-g~'.

5. The process of claim 1, wherein the zeolite adsorbent
has an external surface area, measured by nitrogen adsorp-
tion, of 80 to 200 m*-g~".

6. The process of claim 1, wherein the zeolite adsorbent
has a pore size, as determined via the Barrett-Joyner-
Halenda method from the nitrogen adsorption 1sotherm at 77
K, for pores between 2 nm and 50 nm, that 1s unimodal and
narrow.

7. The process of claim 1, wherein the zeolite adsorbent
1s an adsorbent based on FAU-type zeolite(s) Y, wherein the
zeolite adsorbent has a S1/A1 atom ratio of greater than 1.350.

8. The process of claim 1, wherein the zeolite adsorbent
has a mass fraction of FAU-type zeolite(s) Y of greater than
or equal to 80% relative to the total weight of the zeolite
adsorbent.

9. The process of claim 1, wherein the zeolite adsorbent
has a lithium content, of less than 8%, expressed as eight of
lithium oxide L1,0 relative to the total mass of the zeolite
adsorbent.

10. The process of claim 1, wherein the zeolite adsorbent
simultaneously comprises pores having a diameter of greater
than 350 nm, pores having a diameter of between 2 nm and
50 nm, limits not included, and pores having a diameter of
less than 2 nm.

11. The process of claim 1, wherein the zeolite adsorbent
has macropores and micropores and wherein the zeolite
adsorbent has a total volume contained in the macropores
and the mesopores (sum of the macropore volume and of the
mesopore volume) measured by mercury intrusion, of
between 0.20 cm™g™" and 0.70 cm™-g™".

12. The process of claim 1, wherein the zeolite adsorbent
has a ratio (macropore volume)/(macropore volume+mes-
opore volume) of between 0.2 and 1.

13. The process of claim 1, wherein the zeolite adsorbent
has a micropore volume, evaluated by the t-plot method
from the nitrogen (N, ) adsorption 1sotherm at a temperature
of 77 K, of between 0.145 cm™-g~" and 0.350 cm”-g .

14. The process of claim 1, wherein the zeolite adsorbent
comprises mesoporous crystals of at least one zeolite Y,
wherein the mesoporous crystals have a number-mean diam-
cter of between 0.1 um and 20 pm.

15. The process of claim 1, wherein the zeolite adsorbent
contains zeolite crystals and wherein the zeolite crystals are
prepared by direct synthesis using one or more structuring
agents or sacrificial templates.

16. The process of claim 1, wherein the meta-xylene 1s
separated by preparative adsorption liquid chromatography.

17. The process of claim 1, wherein the zeolite adsorbent
1s an adsorbent based on FAU-type zeolite(s) Y, wherein the
zeolite adsorbent has a S1/Al atomic ratio between 1.50 and
6.50.

18. The process of claim 1, wherein the zeolite adsorbent
has a lithium content of between 0 and 4%, expressed as
weight of lithium oxide 1,0 relative to the total mass of the
zeolite adsorbent.

19. The process of claim 1, wherein the zeolite adsorbent
containing macropores and micropores and wherein the
zeolite adsorbent has a total volume contained in the mac-
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ropores and the mesopores (sum of the macropore volume
and of the mesopore volume) measured by mercury intru-
sion, of between 0.20 cm>-g' and 0.50 cm™ g™

20. The process of claim 1, wherein the zeolite adsorbent
has a ratio (macropore volume)/(macropore volume+mes-
opore volume) of between 0.4 and 0.8.

21. The process of claim 1, wherein the zeolite adsorbent
has a micropore volume, evaluated by the t-plot method
trom the nitrogen (IN,) adsorption 1sotherm at a temperature
of 77 K, of between 0.205 cm>g™* and 0.320 cm”> g™ ".

22. The process of claim 1, wherein the zeolite adsorbent
comprises mesoporous crystals of at least one zeolite Y,
wherein the crystals have a number-mean diameter of
between 0.7 um and 10 um.

23. The process of claim 1, which 1s conducted 1n a liquid
phase or a gas phase.

24. The process of claam 1, which 1s conducted 1 a
counter-current adsorption unit.

25. The process of claim 24, wherein the counter-current
adsorption unit (a) has 6 to 30 beds, (b) has at least four
operating zones, (c) 1s operated at a temperature between
100 C and 250 C, (d) a desorbent/feedstock flow rate ratio
between 0.7 and 6.0, and (e) a recycling rate between 2.0 and
20.

26. The process of claim 1, further comprising contacting,
the zeolite adsorbent with a desorption solvent.

¥ H H ¥ ¥

10

15

20

25

20



	Front Page
	Drawings
	Specification
	Claims

